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Modtaget PVS 

STARCH PROCESS 

25 JUKI 2003 

FIELD OF THE INVENTION 

The present invention relates to a one step process for hydrolysis of granular starch 

BACKGROUND OF THE INVENTION 

Starch Is a high molecular-weight polymer consisting of chains of glucose units It 
usually consist* of abort 80% amyfopectin and 20% amyiose. Amyfopel tTbre^'ec 

str iinear **■ ° f a,pha - 1 4 — ■ - s-" sss 

15 bv elnhaTf? " IT poly8acchartde bui » «P <* ■Hlucopyranose units linked together 
Z^ SZT 7T- ^ ^ * «* s*roh wo a solubte starch 
hydrc^sate the stareh » depolymerized. The conventiona. depolymertzetion process consists 

a saccharfficjrtloii process^ consecutive process steps, namely a liquefaction process and 
! ° ™ m , GranU ' ar *"* C ° nalS,S """""""P 1 " ^nues. which are insoluble in water at 

t^Z StarCh . m0teCUteS lnto •» — «• °""ng ft* -gelaWzation. 
process there Is a dramahc .ncrease ,n viscosity. As the solids level Is 30-40% in a typical 
todueteal process, me starch has to be thinned or -liquefied- so the. it can be hanoled 

step ft. ,ong«ha,ned starch I. degraded Into sn,a«er bnLed and KnZal 

105-110 C for about 5 to 10 minutes followed by about 1-2 houre at about ss-c n,. 
tenure is than lowered to ore. , Amylase or a 
5 branching enzyme, such as en isoamylase or a pullulanase are added .11 
"***.!"» Proceeds for about 24 to 72 hotae ' 

process !s^„T ren, ftDm '* ,e ^ diSaJS5i0n ** *• •"»■"«— «*r* conversion 
VMM ib vety energy consuming due to the different requirements in temts of temperature 
dunng fte vanous slaps. It la thus desirable to be able to select the enzymes usea in 
' ZTLZ ,ha ' ' he ° V8ra " ~ « * conned arfftou, having 1™^^ 
Sod presses ere fte eubiect for fte patente US4501 560, US4727026 and UsJS^a 
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The present invention relates to a one-step process for converting granular starch 

;tr b,e 8tarch Mro,ysate at a temperature te,ow inm ^«ontLZl oT^ 

SUMMARY OF THE INVENTION 

In a first aspect the Invention provides a one step process for producing a soluble 

"* ae,a " nfeal,on te ~» <" — annular storch to the a<L o, 

!o u3 hT 15 3 mBmb9r °' GIVCOSl<ie Hydro,a » Fami * 1* »- 

£SZT ^ C ° mPriSeS 8 '"■""""a Canxhydrateilndina Module 

To, ™ NO r t^t sequence *»• *• ^ of seq , D 

compnsmg a fungal alph*amyiase (EC 3.2.1.1), a beta-amylase (E.C. 3.2 12) and a 
glucoamylase(E.C.3.2.1.3). ana a 

— h. k \ 8aC0nd a8P8C ' ** lnven "° n provide8 3 «»«« ""■ P«»nuotion of high fructose 

^Tn^ofTV ^ Pr0CeSS C °* nPri8(n3 •"»*"* 8 —* -«* ^ro^ 
the process of the first aspect of the invention, and further comprising a step for convention of 

the soluble starch hydrolysate into a high fructose starch-based syrup (HFSS, 

emanoi- HT„ TT T ' men *° n PrOVide8 3 Pr0C8SS ,or •"*■*» * *- • P^abla 

8 S °' Ub ' e ^ hydr '" ySate * *■ »' ■» ** aspect of 

me uiventwn. and further compnsing a step for fermentation of the soluble starch hydrlsate 
mto emanol. wherein the fomentation step i, carried out simutaneousty t £££ 
sequental to the hydrolysis of the granular starch, wparately/ 

In a fourth aspect the invention provides a use of an enzyme having alph*amylase 

Z2Z acTT for T** " ^ MW com ^ 8 « 

an amino aod sequence having at least 60* homology to an amino add sequence selected 
from the group consisting of SEQ ID NO:1, SEQ 10 NO:2, and SEQ ID NO'3 

• 3 ^ aSPaC ' "* lmen *°° PraVkl8s au "' lfa " ««yn» having alpha^mylase 
achvrty in a process for hydrolysis of granular starch, said enzyme comprislr* an amTo aci! 

Tio ,n ^ L o= ^ 10 a " amin0 •* SaC,Uence <*>«*>« <~n, the group oonslsHng 
of SEQ ID NO.4. SEQ ID NO*. SEQ ID NO:6. SEQ ID NO : 7. SEQ ID NOB SEQ ID NO* 
SEQ ID NO:10, SEQ ID Mttll. SEQ ID NO:12, SEQ ,D NO:13, SEqTd n5S SEQ ID 
NO:1S. SEQ .D NO:16, SEQ ID NO:17, and SEQ ID NO IB 

a***, '7 T a$Pe °' ** Hm * lm 8 1,89 °' " enz l"™ having alpha-amylasa 

achvity and a functional CBM In a process for hydrolysis of granular starch ZZZ 
comprtslng an amino acto sequence having a, teas, 75%. toast £ TZ 



2 



10473.000 DK 



90%. least 95%, at least 98%. such as at least 99% homology to an amine add 
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DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

The term -granular starch" is understood as raw uncooked starch i e starch that ha* 

ZL T . Pre8erVed h starche8 rt temperatures below the Initial 

CT^ " Pera ' Ure - Whe " M h 9,6 ~» absorb a small amoJnt 

*. liquid. Up to 50-C to 70-C the swMing is reversible, the degree of revenlZ ^» 
dependent upon the particular starch With hi„h„ . . reversibility being 

gelaBnlzaBon begin, ^ temperahre * an ^.ble swetling called 

- m J**, T" ^ 9elatlniza,ion tempereture- Is understood as the lowest temperature 

between 50 C and 75 C; the exact temperature of gelatinized depends on the specific 

Tl^Z™** 66 detem,ned by * 8 8W,ted artis - £ «- — 

temperature may vary according to the plan, species, to the particular variety of fhe plan" 
species as well as with the growth conditions, tn the context of this Inverln Z M 

£ VTrr*™, 01 ' *" 18 - tempBratUre - « htah ^Cncetloa: 
5.4 of the starch granules using the method described by Qorinstein s »nH , a V 

Starch/Starte. Vol. 44 (12) pp. 461^68 (1992) L "- °" 

dZT ^ ™ y COmprl8e mcno - *• ancl oligosaccharides such as 

90 A.. 91%, 92%. 93%, 94%, 95%, ^ 97% w 98% of the dry solids of the granular atari * 
converted into a soluble starch hydralysate. 18 

«~«r T ? e ^ m " Spe<:ia " 1y Syn,p8 "' h an «*> recognised term and le characterised 
acting .0 DE and careohydrate spectram (See the article -New Speciality Glucte^nT 

I T^ITTI - - *- CarboTZT E S 

^r^^rrrr puwtehws Lro - —* 
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synthesis of alpha-1,4-glucosidi C bonds as defined by Takata (Takata et al 1992 J Bio , 
Chen, 287, 18447-18452, and by Koshland (Kosbiand, 1953, BiolLev. ctXZ sJTs. 

The "Carbohydrate-Binding Module of Family 20" or a CBM-20 module is in th* 
come* this invention defined as a se q uence of approximately 100 aL .d a^a 
east 45% homo,ogy to the Carbohydrate-Binding Module (CBM) of the polypeptide d s dosed 
i r 9en5en 61 a ' (1 " 7) Bi ° teChn0L L6tt - ^:1027-1031. The CBM compos 

^^ZTT* 01 ^ P ° ,yPePtide ' Le ' the SUbse ^- from amino acT 5 82 to 
CoTnh IT nUmberin9 ° f CBMS aPP,fed ln thiS diSC,0sure foliows the concept If 

cellulases and other oarbohydrate-aotive enzymes: an integrated database approach In 

Sa r?'^^ K - ^ K Hayashi, K 

Sakka Y. Kobayash,. S. Kanta and T. Kimura eds., Uni Publishers Co.. Tokyo pp 15-23 or 

~^fT nh °' P & HenriSSat ' B - 0999> hydrate-Active Ernes' server 

bi„d B A „T 0h rT* Wnd " 19 m0dUle (CBM) 18 a f" 11 ^ 1 * add sequence which 
binds preferentially to a poly- or oligosaccharide (carbonydrate) ^1 

litaraht .h ' T" * tyPeS " ^ h3Ve been descrtbed <"«» paten, and scientific 
Uterahtre. the majoray thereof - many of which derive from ceMolyttc enzymes (cellZeai 

smt^e e a 2? »^ """^ * Ce "'" aSe - Uke * iSe - «** '^classes of CBMs would 

amylolytic enzymes, such as certain olucoamvlasea or in u 

a.ucanofransfemsesJ.orinaipha^myiasT • ™ 8 "* 35 e>C " >tte,<,rln 

mora TT Z ^ " '"k^' Pa,t8 " ,ar9e >*<">°<>«** »r proteins consisting of .wo or 
n»« poiypepode amino acid sequence regions, especiaily in hydrolytlc enzymes (hydltes 

^n^rr^ indin9 moduie (cbm) for ^ 10 - -**»«• 

.question. Such enzymes can comprise mora than one cataiytic module and one two or thrJe 

danoL -iT^ ^ ma "" MS) - * "*» ° f *• type "stLJIZ 

aireaay been mentioned above - are cellulases vvi 9 „ aeae 
-hinofuran^asas, acetyls and chl^c^ave^ CTZe' 
e^n the red aiga Po^ pwplTOa in .haformofa norvhydrolyflc ptaJE^E 
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Th a * , or C termin0S or at an internal position 

» Purred for me aJZ«£Z T *" amin ° ^ reSWu8S - 

nuance selected fro™ ,he Z'^ZZTZ' """*« an anVno arid 
NO*, end SEQ ID NO-3 ea well Z!!! sequences SEQ ID NO:1, SEQ ID 

sequence having" teesf ^1™, ^" ne8 """^^ 8 CBM « ammo ecld 

. ^ * least 50,1 Homology to an ammo acid sequence selects fm m 

coning of amino add aequences SEQ ,D NO:1, SEQ ID NosTd NQ-3 ^ 

of idenuT.rrraetnr^ * ? * —"" * ^ ",He degree 
end. The homcC XtZZ^ ' T^" * ^ " qU " ee •«-•»•"■ 
art such as GAP wovaedtTml ^f™"' 8 '' * means * "■P*' P^«me known in me 

Package, VeI„TCu« «94 iTcs^ ^ <Pr ° 9,am ^ «— * 

15 Wisconsin. USA tm^Sl^Tl G, ° UP ' 575 Sdeme M ed,son, 

Biology 48 443^ ill , „ ' ' Wunsc *'' 0 0 - < 197 °>. of Molecular 

~ The hybhd may compdse more I n ^ «° *" N " 

i 9S/16782. as well i^SZdV? « ^ e ' 9 " W ° 9t " C ° 609 ' WO 94C41S8 — ™° 
1305,. They X " TT^ll; ^TT" ^ *™^ n U (1984) pp. ,285. 
compdsingatleas tttZZ ^ " T^ 0 ™ 1 " 8 W<> a host ^ * DNA consUuo. 
without a linker t a X^eol!„» c8 " utes ^ i "«""9 module .gated, with or 
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high there might p05Slb,ew « si "9 P** "the homobgy is 

or if only the sequence of te^TjTT, ^ 8 " 19 P °" ,t " h0Wever fta '»»*'» * 
CBM can be «ZT» eTe^ IT " - *" CBM "» ~valy. the 

— - -n Jzzzttzrzzrjz:: - —- - - 

terminal prior to the termination clonal b=„ !, .f* entua " y Sl9nal sequence; or in the C 
tannine, I, might be benZTtoTe El ^ CBM te ■» * « ■" - * 

«9a.,c.ot,n-vi ro cc ffl b^«ontrm7 teb yXar 8 ' n9 ^ "* <,9e8Un9 " 

the modules of the ^a7d^r. r^ aCheS - ™" lnc " UCles "<* the amino acids in 

sequences SEQ id NO-1 SEO in 9r0Up """feting of amino add 
amino acid sequent ^i ^^? ° '° ^ " "* " enZ » mea an 
70%. a, feast ; S% , CSS 1« « "JT. £ ? ^ " leaS * "* * ^ 
least 88% homology to an anril^T! ' ea$ ' * teas ' su <* as at 

an anT JT^E£*" TT '"^ - ^ enzymes comprising 
sequence selected! » a * ha - am *°'*<° activity and comprising an amino acid 

no,;, «" ^* ^.^"S^r* SEQ ,D NO:10 ' SEQ ID 

ID NO.-17. and SEQ ID NO- 18 as wi ' EQ " N ° :15 ' 860 ID N0:16 ' S ^ 

having at least 70% at least'™ tTlS enZym9S C ° m,Mfein9 8,1 amina ad ° sequence 
08%. such as at 8 ° % ' 3t ^ 8S% ' at laaat 90% . laas. 05%, a. leas. 

99/6 h0m0l09y to a " a "*° a <*t sequence selected from the group 
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consisting of amino acid sequences &pr» i« „ o C « 

NO:7. SEQ ID NO:8. SEQ ID NoT^n ' N0 * 860 "» N0:6 ' SE ° "> 

•KM* SEQ ID NO- 4 SEQ ID NO^ «^ ^ ° ' D NO: "' SEQ ,D »=«■ ■> 

Prafarab* ,D t N0:16 ; SEQ 10 NO:17 - « « » NO,e. 

amytoWo stance 2£Z. T" a «M «*r an a,pna- 

sp.. or tan a attain balongingTan fZT " be '° n9ina ,0 a 

or tan a baofana. "'tEE 'VT A <»^««=- 

ba.ong.ng »o a Wue ^ ° ««*" » suoh as tan a atan 

Mora prefanL mT^ZTT"" ° ^^°<* "'i™™**^, 
amyfasa oon SlMi ng o, a .hr^ rn^T^ * 3 *» 

modulo of family 20 Moat orafer»H T , , 8 Separate carboh »* ato binding 

sequence ha ving uZ rTZlr T, ^<^> » —» ao,d 

^con^ng.SEQ^S^^Q^r^^" 

.aola^tra t^JZZl" T*. ^ " 8 foUr <**™<»™ 
po»pep«dea anownT SEQ " ^ ** * **" * " «» 

.a^a.auobaa^po^Z^oTnSEQlo^r " *" 3 ** ° f ^ 



Funaal alp ha-amx/laco 



diaotoaura, ma ZE££tl at* ' * h ~"*~ <•» present 

a m Homology. U^Z^T^Z. ttttZT T 

m<ay oe a aaea in an amount of 0.001-1 o afai i/n no M 
0.5 AFAU/g OS, prtferabty 0.02-0.! AFAU/g DS. ' *** """^ 



Beta-amvla«A 



esse c 3 l ^ ™ - - ~- - - - 

emoting maltoganio an^f t ^ TT*** " n "" tra<,i,ional * *•» to 
Pbmtan pH ,n th. ranga tan 4.5 to 7.0. Contemplated beta-amyiase Induda the 
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Glucoamvlase 

^ r abases. a, partfc u br A ^ * ^a^ Ze^ST 

10 S Til Z m0rf 9 ! UC ° amyl8Se (W084ra2921 >' * C*r* Biol. Che" 

nasi;. 55 (4), p. 941-949), or variants or fragments thereof 

«>em,opr>ta (US patent no 4 5B7S^ 7=1 ^ ™ a ™"^ 

and c. m^^Mom (wosfWian). Prefers gtuooanyLaT MM ^. 

rrr^rr :r— ^ such m a 

in NoX~»\T eVe " % h ° m0l09y ,0 ' he "*» "*> *— 

25 AMG 3 * H^PER rLSTSTTtf ~ C0^ " ,,erC,a, Pr0dUC,S AMG *»* 
i- wwi SUPER and AMG™ E (from Novozymes); OPTIDEX™ Mo «™» 

Geneneor Int); AMIGASE™ and AMIGASE™ PLUS (from DSM) aSEH G900 frT 

30 AGU/ 9D ^rAXo 8 d<fea m ™«°™«™>*™~^0,-,. 
Additional gnzyjT|es 

A Danmullrrr 8868 " 818 ,nVenaon may be o" 1 in *• ***** of a third enzyme 
" 7 T ^ "* 8 """" «**—*- (=«en referred to aa TerZyt 

12513 ° f M7S ' - — ' « ^d in data. ^ VVO^'aZe ^ 
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sirs, sjx- *■ B rr and -~ 

^ to P p ere o„ ^;: e ^r 9 enzyme may be added " ^ 

Embodiments of the im»niu n 

drv . ft , W The S,Urry t0 be SUbjeCted t0 *» processes * *• invention may have 20-5 5 o/ o 
58 C f or preferably at least 60°C. 

be in thal^ f, ^ ^ PrOC6SS °' the ** "PW <* *• i^ntion Is conducted may in 
be m the range of 3.0 to 7.0. preferably from 3.5 to 6.0, or more preterabty from 4.oVo 

The exact composition of the products of the nm««= 
~^ rT starch hydro^.^l 12 ZZl^Z^L* 

s epZTat^r rr a ~ pr eferat * - -** ^ 

'east W A E »en more p^femHy , he soluble ^ hydrolysate fe ^ J 4 
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contemplated, however, is the pracesa wheralTL TL 6381 99 ' 5% - & ^ 

5 actuate aerch hydrdysate. « 7ZZZ^ "T^ 8 ~ *■» the 
ntixtureorgtucose. m.rtose d^TTT 9 ' ?"* 88 8 *W> oontoining a 

candies, canned fruit. ^ DP " *» USe " •» ma "^*«» of ice creams, caKes, 

The granular starch to be processed in th= » 

particular be obtained from tuber, raoTT T °' me lnven "' on ma V * 

10 specfficaly the 3ranU lar ZXZ » 

sago, cassava. tapioca. ^» T ™ mlto ' 

ccrtemp^edambomwaxyandnoLar^' ' "™" " POla,0eS - S P^"% 
Processed may be a iSSfcTJZTl ° f ^ 8n * tart8 *™ e ^-starch to be 

teas, 97% or a. i.ast £J £E.tTl?2. * ^ 9 ° % ' " 95 ^ * 

15 comprising milled whole grain indudi™, JLT \?.' Sfarch <*****<a material 

The raw materia,, such £££ "* " ^ 8n ° *~ 

mr fcriher processing. Two SlZ^^T'? *— 
<*V milling. I„ mMI)r<9 ^ " "* ""f 8 "*««coni,ng to the invention: wet and 

separation of germ and ma^ TL T " d US8<1 Wet *~ » good 

=0 applied a, logons wheraZ^vdZ^ """^ ,ew —ptions 

we. mining is well known kXlrtt TTotl ProdU °" OT ** *»« 

P-e.es of me imramion. The plc^JZZT!, 7 ^ «*- 

in an ultrafiltraSon system whera the ^LZ, ^ ,nVen,l0n m8y * ""-ousted 

presence of 

2a Equa* oontempiated is * "** *"* 

uMMta, membranes and Zl^lt , ' C ° mnMUa m8mbran8 reactor »» 
o-ymes, raw eterah and wlTand ZZZT ,BC,ra " aBOn ,n ( " B88TO8 * 

A*. contem P ,a«ed is the ^eTs T** * ,he 8t8reh h >~e. 

^-^"-^a^XmT^VhaCr reaC,W "» 

Pliably achieved «m , a !^ J** *" 8 ™> This converaion is 

• 9'ocose isomerase support* TTJ^T^ T ° y m lmmob «^ 

commeraialpraoucte^Z^ irtmT C ° n,8mpl8,8a oomprises ma 

G993, Ketomax™ and ^ ° " Z> ™~ IMM 8 " d G -^" 8 ™ 

IGllromGenencorln. Rh0< " a ' G - 2yn,8T " 0983 *»" and GanSweet™ 
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In the process of the third aspect of the invention the soluble starch hydrolvsate m ,h 
process of the first aspect of the invert s ~ ^* ^ ^. nyoroiysate of the 

4 . ,nv «ntion is used for production of fuel or ootahi* «th a «~i i 

•he process of the third aspect the fe[mentation * te J^To^' 

mtMW to to hydrops ., the 9ranular slh alurry . thTCZl I 
arduous membrane reactor with uKraffltratlon membranes end where .he rete^tate teTe« 

rsrr.srssi— 

MATERIALS AND METHODS 

Aipha-amvlase ar« V i»y f k-kh ■} 

methnd iJT TT " C8V * y to d9temlne<l P°««o *»roh as substrate This 

starch dry substance Merck Amylum eclubile. ■°'° 003MCa ' dextnnizes 5.26 g 

A folder AF 9/8 describing this analytical method in more detail ^.k, 
r^.toNovozymesA's. Denmark. which folder Is hereby ^ b^LlT * 
Glucoamvlase arth/» v fA^i ij 

Mannheim 1240^r , A .._ rena Kit from Boehnnger 

' ^ 4 036. Standard: AMG-standard, batch 7-1195 195 aoii/«,i • , 

.ubsfrate <1 % maitose m 5 0 m M Sodium acetafc, P H 4.3 . ^ T^LZ ^ofs 

200 mlt^L ^ri,?? " f H ' 20 miCroL iS tran5feTOd to a 96 — ■*«*• plate and 
^ TrnP^T I (124036 ' BOeh "' n8er Mannheim > 18 After 30 nlules « 

A^Zte ^ts^rf^t.^ 650 ™" ^ — » >n 
«MQ standard. A folder (AEL-SM-0131) describing this analytical method in 
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Funoal aloha-amvlase activity (FA1 1) 

Unite) ^ZrT* ^ b9 in FAU < Fur « al AlPha-Amyiase 

a *i°? < 1> ™ • "» "™* « which under standard conditions (i.e. at 37°C 

»T« de^eT* Zf 280 ^ 8 ° MS,arch <Amy,Um ^ P 61 " hour. A folder AF 

A^ D^ZT k k, f 3SSay m0m * availabte "I— *«»« Novozymes 

A«, Denmark, which folder is hereby included by reference. 

Acid gjetagmdaaa ""miy (&eaj ') 

Unite! **V m *~ * measured in AFAU (Add Fungal Alph^myfese 

Units), which a<e determined relative to an enzyme standaid. 

The standard used is AMG 300 L (from Novozymes A/S, giucoamylase wildtype 

fe^Z elpha-amyiase in this AMG fell, after storage at reom temperature 

for 3 weeks from apprex. 1 FAU/mL to below 0.05 FAU/mL. 

with *. a ' Pha - amylaSe ««Wy this AMG etandanl is determined in accordance 

Z^TIT**™- tt " 8 me,h0d 1 AFAU * * fc - aa •» amount of enzyme. 
wh,ch degrades 5.26 mg starch dor solids per hour under standard conditions 

intent 7?, ^ 1 ""^ ^"ut not with its degradation preducte. The 

unTllf TT US ' n9 reVerSe C ° l0rime,ry 86 a redu< * on in *• concentration of etareh 
under specified analytic conditions. 



Alpha-amyiase 
Starch + Iodine — > 



Dextrins + Oligosaccharides 



40 o C,pH2.5 

Blue/violet t = 23s ec. Decoloration 
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Standard condi 
Substrate: 
Buffer 
Iodine (12): 
CaCI2: 
PH: 

Incubation temperature 
Reaction time: 
Wavelength: 
Enzyme concentration: 
Enzyme working range: 



sactio n conditions: ( P »r min.,t, 
starch, approx. 0.17 g/L 
Citate, approx. 0.03 M 
0.03 g/L 
1.85 mM 
2.50 - 0.05 
40°C 

23 seconds 
lambda=590nm 
0.025 AFAU/mL 
0.01-0.04 AFAU/mL 
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Beta-amylagg activity (npo^ 

J"» -»* « SPE2 ™E® BBA 1500 b expressed in Degree of Diastatie Power (DP*) 
It is the amount of enzyme contained in 0 1 ml of s s% «.«w, - * . ( ' 

>u|lu|enitsi> aotivitv fNnw Pullman... i m Noun , wp , m 
linear ft^lTI "** < " item " ned ,0 a •"**» la a 

- ssaavr r ioined * 

measured^ ^o^I !?C " - " — -* - » 
minutea reaotion time Jm^ZT^^TT S * andard condl,l<,ns are =>° 

30 red subslrate * g ZZ ** ^ "* 07,6 PUl,ula '' 88 «*—• ™- *n<-un. of 

o^nort.™,.. . ^ radatlon praduct 18 "«esured speclrophotometrloally at 510 nm and is 

uenmark, which folder is hereby included by reference 

* enzyme „C 11^1^ ^ * a "*** - «» amount o, 
mio ro motaXsfptmi„l an9 Carb ° hVdra ' e " "**» «**-' 8 "' * «• 
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10 



— — — y aunua 

The su 9 ar ^position of the starch hydrolysates was determined by HPLC and 
starch hydrolysate were determined by inactive index measurement. 



Materials 



. 6 T* 6n2yme aCUVitleS W6re USed A four module Blpha-amyiase having the 

he SEQ ,D NO:19 - A 9,ucoamy,ase derived from ***** 2L5 

"a aC,d , S f eqUe, ; Ce Sh ° Wn in WO00/04136 as SEQ ID No: 2 or one of the disciosed 
vanants. An ac,d fungal alpha-a my , a se derived from Aspergillus niger 
Wheat starch (S-5127) was obtained from Sigma-Aldrich. 



Example 1 

b^aT* T!* !" UMra,eS 9,8 CO ' Were,0n " 8 ra ""'ar»heat starch Irrto glucose uslns a 

15 ^ d^^r™ ^ ' 9k,COamy,aS<, ^ a " ~ -Vase. A siurty 
wrth 33 A dry sokds (DS) granular starch was prepared by adding 247.S g of wheal stan* 
under sfmng ,o S02.S ml of water. The pH was adjusted wKh HC. 1 4.5. The gratut 22 

incubated wtth magnefc atirdng ,n a 60-C water bath. At zero hours the enzyme a^Z 
20 Z " W6re d0S6d ,0 SamPl « "«» — « 24, 



25 



30 



Tabte 1. The enzvme acu ity levels used 

1000 200 AFAWkgDS . 



Total dry solids starch was determined using the following method. The starch was 

by addln9 OT 6X0655 amourt - *i <**> J^ZZ 

"^iThr^r 0 ""' * 9,ucoamy,a8e (6o ° agu * 9 D8> «»- « <*~ 

Soluble dty solids in the starch hydrolysate were detemtined by refractive Index 
2~ 3 an ' 0Unt °' 9 ' UC08a raS Cateu,a,e <' as D * ™» ~» are shown in 
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JSSSS322t d,y SORdS 33 Pe,Centa 9 e of tota « ** ^stance at 100 KNU/kg DS 





10 



Example 2 

uslna, J"' 8 e T P,e " ,UStrateS ^ ° n,y Partia ' COnversion <>f granular starch into glucose 
using a glucoamylase and an acid fungal alpha-amylase. 

examm/r^ ^ f % ° S 9ranU ' ar StarCh Were Prepared ™ d incubated ^ described in 
example 1. At zero hours the enzyme activities given in table 4 were dosed to the flasks 
Samples were withdrawn after 24, 48 72 and 98 hnur* tk^ , 
rfp^rih^ !„ . - ^ ours> The sam P'es were analyzed as 

described in examples 1 . The results are shown in table 5 and 6. 

Table 4. The enzyme activity level used. 



a alpha-amylase 



AFAU/kg DS 

~2oo 



50 



15 
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15 



20 



25 



30 



CLA,MS Modtaget PVS 

1. A one step process for producing a soluble starch hydrolysate, the p^sTcfm^sing 
subjecting a aqueous granular starch slurry at a temperature below the in*a. gelaZZ 

(a) Is a member of the Glycoside Hydrolase Family13; 

(b) has alpha-1.4-glucosidic hydrolysis activity, and; 

pl^Ttt^ 0 " 8 ' ^"^-Bindrng Module (CBM) ^ ,„ 
Fan* 20. w*,ch CBM has an amino add sequence having a. teas, 60% homology to 

Z7Zt£X£ ; seteeted 9roup * SK > ID se ° «> 

»d which second enzyme Is selected from the lis. comprise a fungai alpha^myteee (EC 
3.2.1.1), a beta-amyiase (E.C. 3.21.2), and s glucoamylase (E.C.3.2.1.3). 

2. The process of the preceding claim, wherein the alpha-amylase comprises a functional 
C^ohydrate^indlng Module ha*ng at teas, 55%. a, leas. 60%, a, least 65% af eas 

I'*' r M% ' * * 85% ' a ' teaS * "»> « -east 98%. lit 

SEO .D to a " ^ SW,Uenre — *» *e greup consiaflng ., 

SEQIDNO:1,SEQIDNO:2,andSEQIDNO:3 

3 ' llZT * °' Pre ° ed ' nS "» "Pha-amyiase comprises an 

£ ™ M 81 teaS ' 89% h ° m0l09y an amlno •* «"«=ted 

from the group censing of SEQ ID NO*. SEQ ID NO:5. SEQ ID NO-6 SEQ ID NO-7 

SEO I ID NO*. SEQ ,D NO :9 , SEQ ID NOlO, SEQ ID NO:11, SEQID NCM2 SEQ ,D 

NO ; 13. SEQ ,0 NO:,4. SEQ ID NO* SEQ ID NO: 16 , SEQ ID NO:17 . J2 SEQ » 

4 ' ZlTTT * ^ °" he PreCed ' n9 ClalmS • Where ' n 9,6 a***""*-, comprises an 

frem » • "* 38 31 ,ea8 ' "* h0m0fc W «° a" amino acid sequence selected 

. from the group coasting of SEQ ID NO:19, SEQ ID NO:20, and SEQ ID NO.-21 . 

5. The process of any of the preceding claims, wherein the stareh sluny has 20-55% dry 

mdreZZ? ^ ***** *» 9ranu,ar ~* ™» P^erably Z 
35% dry soUds, especially around 33% dry solids granular stareh. 
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■k su a. si *, az A , 93% 94% ^ or at least 99% of the dn, soim. nr 

the granular starch is converted into a soluble starch hydrolysate. " "** °' 

5 7 ' *n, P 3a^Z,° f PreCe< * n9 C ' aim8 ' C ° mpriSin9 «» granular starch 

sluny to the action of an isoamylase and/or a pullulanase. 

8 ' WcZZe°l7 Z "V""*" Claim8 ' *"* ■» is at teas, arc, 

c ' * more preferably at least 60"C. 

9. The process of any of the preceding claims, wherein the pH is In the range of 3 0 to 7 n 
preferably from 3.6 to 6.0. or more preferably from 4.0-5.0 ** 

10 10. The process of any of the preceding claims, wherein the soluble etareh hydrolysate has a 

1™ *• 96o% ' 97o% - 97 - s% . «** - JEST; 

"h^eTZ l any ° ,,h ! PreCed ' n9 ^ *"* *• S ra "<*» staroh ts obtained from 
tubers, roots, stems, or whole grain. 

15 Zl 0 ™' " " ^ PreCe< " n9 ^ Wherel " *• <~ staroh '3 obfained from 

" ^coT^T PreCed ' n9 C,a,m> ' Wherein ,h » ~ staroh '3 obtained from 
com. cobs, wheat, bariey, rye. mite, sago, cassava, tapioca, s<*ghum. rice or potatoes. 

» d^ B I°r S , °17 °' *" PreCM " ,g where "' •» »— etareh * obtained from 
20 dry muling of whole grain or from wet milling of whole grain. 

15. The process of any of the preceding claims, wherein the process is conducted In en 
u^Htrabon system and where the retantata is held under recirculaLT^e of 
enzymes, rawstareh and water and where me penneata is the soiuble starch hyd^e 

16. The process of any of the preceding calms, wherein the process is conducted in a 

• nTd uT me ^^^^"^"-embranes and where me retel ls 
held under recirculation In presence of enzymes, raw stereh end water and whet me 
. Permeate is the soluble starch hydrolysate. water ano where the 

17. The process of any of the preceding dalms. wherein the process is conducted hi a 

continuous membrane reactor with micromotion membranes and where mTrettitete Is 

> ^d under recirculation ,„ presence of enzymes, raw starch and water ZZZ Z 
permeate is the soluble starch hydrolysate. 
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10 



15 



20 



25 



30 



18. A process for production of high fructose starch-based syrup (HFSS) wherein a sohih,* 
starch hydro ysate of the oro»>«« — . wne «em a soluble 

,nt« k" u ^. I ° f any of the Preceding claims is subjected to conversion 

into h,gh fructose starch-based syrup (HFSS), such as high fructose comtylp (HFCsT 

1 9 " ,0r f Pr ° dUCti0n ° f fUe ' or P^ble ethane., wherein a soluble starch hydrolysate of 

the process of any of claims 1-18 is subjected to fermentation into ethano. 

vHT^Z.* 1 enzymes - ~ veast, yeast nutrients and water and 

wnere tne permeate is an ethanol containing liquid. 

23. A use of an enzyme having alph*amylase activity in a prooess for hydrolysis of starch 

Z C ° mPriSin9 a CBM •»*■ an amino aold s^nTC^af^ 

60% homology to an amino add sequence selector! e™, 

NO:1. SEQ ID NO*, and SEQ .0 MoT ""^ «* 8EQ ID 

^ haV "' 9 a,PhMmy,a8e —*> » a P"«as for hydros of g ra „ular 

IIT ' eaSt 95% ' " ,east 98% ' ««* as at least 99% homology to an 

, 8 tr UenCe 8e,eCted *° m 9rOUP * * SEQ ID NO 4 SEqTno 5 

?5- A use of an enzyme haying alpha-emylase activity and a funotional CBM in a Dro cess for 

/o homology to an amino acid sequence seteefprffm™, . 
NO:19, SEQ ID NO:20, and SEQ ID NO.2T " " C ° nSIS,in9 °' SEQ 10 
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Modtaget PVS 

ABSTRACT 25 « 2003 

The present invention relates to a process for enzymatic hydrolysis of granular starch 
into a soluble starch hydrolysate at a temperature below the initial gelatinization temperature 
of said granular starch. 

5 
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Modtaget PVS 
tmvSS\SmSf' m5M 2 5 m 2003 

<110> Novozymes A/s 

<120> cold Liquefaction with four-domain alpha-amylase 
<130> 10473. 000-DK 
<160> 21 

<170> Patentin version 3.2 

<210> 1 
<211> 102 
<212> prt 

<213> Bacillus f 1 avothermus 
<400> 1 

lie ser Thr Thr |er Gin He Thr Phe Thr val Asn Asn Ala Thr Thr 



val Trp Gly Gin Asn val Tyr val val Gly Asn He ser Gin Leu Gly 

Asn rrp Asp Pro val His Ala val Gin Met Thr Pro ser Ser Tyr Pro 

Thr Tjp Thr val Thr He Pro Leu Leu Gin Gly Gin Asn He Gin Phe 

Lvs Phe lie Lys Lys Asp ser Ala Gly Asn val He Trp Glu Asp lie 

" 75 80 

ser Asn Arg Thr Tyr Thr val Pro Thr Ala Ala Ser Gly Ala Tyr Thr 

95 

Ala ser Trp Asn val Pro 
100 

<210> 2 

<211> 99 

<212> prt 

<213> Bacillus sp. 

<400> 2 

Thr ser Asn val Thr Phe Thr val Asn Asn Ala Thr Thr val Tyr Gly 

10 15 

Gin Asn val Tgr Val val Gly Asn lie Pro Glu Leu Gly Asn Trp Asn 

" 30 

He Ala Asn Ala He Gin Met Thr Pro ser ser Tyr Pro Thr Trp Lys 

Thr Thr val ser Leu Pro Gin Gly Lys Ala He Glu Phe Lys Phe He 

« 60 
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LVS Lys Asp ser Ala Gly Asn val He Trp gIu Asn He Ala Asn Arg 

75 80 

Thr Tyr Thr Val Pro Phe ser Ser Thr Gly ser Tyr Thr Ala Asn Trp 
Asn val pro 



<210> 3 
<211> 102 
<212> prt 

<213> Alcaliphilic Bacillus 
<400> 3 

Thr ser Thr Thr ser Gin He Thr Phe Thr val Asn Asn Ala Thr Thr 

10 15 

val Trp Gly Gin Asn val Tyr Val val Gly Asn He ser Gin Leu Gly 

° 30 

Asn Trp A |p Pro val Asn Ala val Gin Met Thr Pro ser ser Tyr Pro 

^ U 45 

Thr Trp val Val Thr val Pro Leu Pro Gin ser Gin Asn He Gin Phe 

« 60 

Lys Phe He Lys Lys Asp Gly ser Gly Asn val He Trp Glu Asn He 

75 80 

ser Asn Arg Thr Tyr Thr val Pro Thr Ala Ala ser Gly Ala Tyr Thr 

Ala Asn Trp Asn Val Pro 
100 

<210> 4 
<211> 484 
<212> prt 

<213> Bacillus flavothermus 
<400> 4 



Gly ser val Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 

10 15 

Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala Gin 

" 30 

ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 
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Lys Gly Thr ser ser ser Asp H/SS^ Asp Leu Tyr 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly 

/u 75 80 

Thr Lys Thr Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala Gly 
" 90 95 

Met Gin val Tyr Ala Asp val Val Phe Asn His Lys Ala Gl^ Ala Asp 

Gly Thr Gju Leu Val Asp Ala val Glu val Asn Pro Ser Asp Arg Asn 

125 

Gin Glu lie ser Gly Thr Tyr Gin lie Gin Ala Trg Thr Lys Phe Asp 

Phe Pro Gly Arg Gly Asn Thr Tyr Ser ser Phe Lys Trp Arg Trp Tyr 

^ 160 

His Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg He 



Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr 
AOU 185 190 

Glu Asn Gl^ Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 

His Pro Glu val val ser Glu Leu Lys Asn Trp Gly Lys Trp Tyr val 

Thr Thr Thr Asn He A|g Gly Phe Arg Leu A| D Ala val Lys His lie 

Lys Tyr Ser Phe Phe Pro Asp Trp Leu Ser Tyr val Arg Thr Gin Thr 

250 255 

Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trp Ser Tyr Asg He Ser 

Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu Phe 

<soU 285 

Asp Ala Pro Leu His Asn Asn Phe Tyr He Ala ser Lys ser Gly Gly 

3 00 

3?5 PHe ASP Met Ar9 IK LeU LeU ASn Asn Leu Met Lys Asp Gin 

315 320 
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P TO Thr L eu Al , val *, r Le u Wp'Sfr clu , ra Gly 

30 330 335 

Gin ser Leu Gin ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala Tyr 



350 



Ala Phe lie Leu Thr Arg Gin Glu Gly Tyr Pro cys val Phe Tyr Gly 

^ou 365 

Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys ser Lys 

L|u Asp Pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin 

aau 395 400 

His Asp Tyr He Asp Ser Ala Asp He lie Gly Trp Thr Arg Glu Gly 
WJ 410 415 

val Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu He Thr Asp Gly 

425 430 

Pro Gly Gly ser Lys Trp Met Tjr val Gly Lys Gin His Ala Gly Lys 

Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He Asn 

**->-> 460 

Ala Asp Gly Trp Gly Glu Phe Lys Val Asn Gly Gly Ser val Ser II 

475 48 



e 

480 



Trp val pro Lys 



<210> 5 

<211> 485 

<212> prt 

<213> Bacillus sp 

<400> 5 

Ala Asn Thr Ala Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp 
* 10 15 

Asp Leu Pro Asn Asp Gly Thr Leu Trp Thr Lys val Lys Asn Glu Ala 

ser ser Leu Ser Ala Leu Gly lie Thr Ala Leu Trp Leu Pro Pro Ala 

Tyr Lgs Gly Thr ser Gin Ala Asp Val Gly Tyr Gly Val Tyr Asp Leu 

■>-> 60 

Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tyr 

Page 4 
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70 75 80 

Gly Thr Lys Thr Gin Tyr Leu Gin Ala I1e Gln Ala Ala Lys ser Ala 
" 90 95 

Gly Met Gin val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala 
J ' uu 105 HO 

Asp ser Thr Glu Trp val Asp Ala val Glu val Asn Pro ser Asn Arg 

Asn Gin Glu Thr Ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe 

«•> 140 

Asp Phe Pro Gly Arg Gly Asn Thr Tyr ser Ser Phe Lys Trp Arg Trp 

A3U 155 160 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg 
J-oa 170 175 

He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp 
AOU 185 190 K 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asg Leu Asp Met 
Asp His Pro Glu val Val Ala Glu Leu Lys Asn Trg Gly Lys Trp Tyr 



val Asn Thr Thr Asn val Asp Gly Phe Arg Leu Asp Ala Val Lys His 

" v 235 240 



He Lys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr val Arg Asn Gin 



255 

Thr Gly Lys Asn Leu Phe Ala val Gly Glu Phe Trp Gly Tyr Asp val 

265 270 

Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly Ala Met ser Leu 

£oU 285 

Phe Asg Ala Pro Leu His Asn Asn Phe Tyr He Ala Ser Lys ser ser 

300 

Gl ? Tyr Phe Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp 

315 320 

Gin Pro Ala Leu Ala val Thr Leu val Asp Asn His Asp Thr Gin Pro 
s« 330 335 

Gly Gin ser Leu Gin ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 
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3W 345 350 

Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro cys val Phe Tyr 
Gly Asg Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Gly Leu Lys Ser 

3?f 116 ASP Pr ° Leu b2g 116 Ala Ar 9 Ar 9 Asp Tyr Ala T yr Gly Thr 

3W 395 400 

Gin Arg Asp Tyr lie Asp His Gin Asp lie He Gly Trp Thr Arj Glu 

Gly He Asp Ala Lys Pro Asn ser Gly Leu Ala Ala Leu He Thr Asp 

425 430 K 

Gly Pro Gly Gly Ser Lys Trp Met Tyr Val Gly Lys Arg His Ala Gly 
Lys val Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He 

465 AU ASP 6lV TPP f 7 l Glu Phe ^ val A|n Gly Gly Ser val ser 

. 475 480 

lie Trp val Ala Lys 
485 

<210> 6 
<211> 484 
<212> PRT 

<213> Alkaliphilic bacillus 
<400> 6 

Gly ser Val Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 

15 

Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala Gin 
zu 25 30 

ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 

40 45 

Lys Gly Thr ser ser ser Asp val Gly Tyr Gly val Tyr Asp Leu Tyr 

60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly 

/v 75 80 ' 

Thr Lys Thr Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala Gly 

90 95 * 
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«et Gin val Tyr AU Asp val val Phe Asn His Ly5 Ala „ y AU 

105 110 

tli LeU W1 As » Ala 21 «« W *s„ Pro ser Asp Ar 9 as„ 
Gin Glu Ile ser Gly Thr Tyr Gin Ile Gln Ala TJg ^ Lys phe ^ 

PJI Pro Gly A r 9 Gly Asn Thr Tyr sor sor Ph. Lys Trp Aro Trp Tyr 



155 160 



His Phe Asp Gly Thr Asp Trp Asp Glu |er Arg Lys Leo Asn jro He 

Tyr Lys Phe Aro Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr 

A0:> 190 

G1 " Hi AS " Tyr As » $ *t Tyr Ala Asp Leo Asp Met Asp 

His Pro Glu val val ser Glo Leo Lys Asn Trp Gly Lys Trp Tyr val 

220 

lie Thr Thr Asn He Asp Gly Phe A rg Leu Asp Ala val Lys His 11 

235 P4 



e 

240 



Lys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr Leu Ar, Thr Gin Thr 

250 255 

Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp tl. Asn 

tys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu Phe 

Asp Al, Pro Leu His Asn Asn Phe Tyr lie Ala ser Lys Ser Gly Gly 

TVr Phe Asp Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Glu Gin 

315 320 

Pro Thr Leu Ser val Thr Leu val Asp Asn His Asp Thr Glu Pro Gly 

" u 335 

*ln ser Leu Gin Ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala Tyr 

345 350 

Ala Phe lie Leu Thr Arg Gin Glu Gly T yr Pro Cys val Phe Tyr Gly 
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Asp T^r Tyr Gly He Pro Lyj Tyr Asn He Pro Ala Leu Lys Ser Lys 

385 ASP Pr ° L6U LeU Ut Ala Ar9 Ar 9 Asp gr Ala Tyr Gly Thr Gin 

His Asp Tyr He Asp Asn Ala Asp He He Gly Trp Thr Arg Glu Gly 
W5 410 415 

Val Ala Glu Lys Ala Asn ser Gly Leu Ala Ala Leu He Thr Asp Gly 

425 430 

Pro Gly Gl^ ser Lys Trp Met Tyr val Gly Lys Gin His Ala Gly Lys 

Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He Asn 

Ala Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val ser lie 

470 475 480 

Trp val Pro Lys 



<210> 7 

<211> 517 

<212> PRT 

<213> Bacillus sp.: 

<400> 7 

Met ser Leu Phe Lys Lys lie Phe Pro Trp He Leu Ser Leu Leu Leu 

10 15 

Leu Phe Leu Phe lie Ala pro Phe Ser He Gin Thr Glu Lys Val Arg 
zo 25 30 

Ala Gly ||r Val Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp 

Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 
JW 55 60 

Glh ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro pro Ala 

/0 75 80 

Tyr Lys Gly Thr Ser ser ser Asp val Gly Tyr Gly val Tyr Asp Leu 
55 90 95 

Tyr Asp Leu Gljj Glu Phe Asn Gin Lgs Gly Thr val Arg Thr Lys Tyr 
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Gly Thr Ly| Thr Gin Tyr lie Gin Ala lie Gin Ala Ala His Thr Ala 

120 125 

Gly Met Gin val Tyr Ala Asg val val Phe Asn His Lys Ala Gly Ala 

ill Gly Thr Glu Leu V|l Asp Ala val Glu val Asn Pro ser Asp Arg 

155 160 

Asn Gin Glu He Ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe 

170 175 

Asp Phe Pro Gly Arg Gly Asn Thr Tyr Ser ser Phe Lys Trp Arg Trp 
■ LOU 185 190 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg 

He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp 
v "5 220 

Jhr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met 

230 235 240 

Asp His Pro Glu val val ser Glu Leu Lys Asn Trp Gly Lys Tro Tyr 

val Thr Thr Thr Asn lie Asp Gly Phe Arg Leu Asp Ala val Lys His 
£W 265 270 

He Lys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr Val Arg Thr Gin 
J ^80 285 

Thr Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trg ser Tyr Asp lie 

ser Lys Leu His Asn Tyr lie Thr Lys Thr Asn Gly ser Met ser Leu 

310 315 320 

Phe Asp Ala Pro Leu His Asn Asn Phe T^r He Ala Ser Lys Ser Gly 

Gly Tyr Phe Asp Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Asp 

345 350 

Gin Pro Thr Leu Ala val Thr Leu Val Asp Asn His Asp Thr Glu Pro 



360 36 
Gly Gin ser Leu Gin ser Tro val Glu Pro Trp Phe Lys Pro Leu Ala 



380 
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Tgr Ala Phe He Leu Thr Arg Gin Glu Gly T yr Pro cys val Phe Tyr 

iW 395 4&0 

Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys Ser 
ws 410 415 

Lys Leu Asp Pro Leu Leu He Ala Ar| Arg Asp Tyr Ala Tyr Gly Thr 

Gin His Asp Tyr He Asp Ser Ala Asp He He Gly Tjj) Thr Arg Glu 

Gly val Ala Glu Lys Ala Asn ser Gly Leu Ala Ala Leu He Thr Asp 

4>5 460 

Hi Pro Gly G ^ ser lvs Trp Met Tyr val Gly Lys Gin His Ala Gly 

H/v 475 480 

Lys Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr Val Thr He 

485 490 4 g 5 

Asn Ala Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly Ser val ser 
»w 505 510 

He Trp Val Pro Lys 
515 

<210> 8 
<211> 550 
<212> PRT 
<213> Unknown 

<220> 

<223> source unknown 
<400> 8 

Met ser Leu Phe Lys Lys He Phe Pro Trp He Val ser Leu Leu Leu 

10 15 

Leu Phe ser Phe lie Ala Pro Phe ser lie Gin Thr Glu Lys Val Arg 

25 30 

Ala Gly ser Val Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp 
a* 40 45 

Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 

55 60 

Gin ser Leu Ala Asn Leu Gly lie Thr Ala Leu Trp Leu Pro Pro Ala 

u 75 80 

Tyr Lys Gly Thr Ser Ser ser Asp val Gly Tyr Gly val Tyr Asp Leu 
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90 95 



Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr 

Gly Thr Lys rhr Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala 

u 125 

Gly Met Gin val Tyr Ala Asp Val val Phe Asn His Lys Ala Gly Ala 

140 

Asp Gly Thr Glu Leu val Asp Ala val Glu val Asn Pro Ser Asp Arg 

Asn Gin Glu He ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe 

170 175 

Asp Phe Pro Gly Arg Gly Asn Thr Tyr ser ser Phe Lys Trp Arg Trp 

Tyr His Phe Asp Gly Thr Asp Trg Asp Glu Ser Arg Lys Leu Asn Arg 

He gr Lys Phe Arg Gly Thr Gly Lys Ala Trp asj Trp Glu val Asp 

Thr Glu Asn Gly Asn gr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met 

Asp His Pro Glu val val ser Glu Leu lvs Asn Trp Gly Lys Trp Tyr 

val Thr Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala val Lys His 

270 

He Lys Tyr ser Phe Phe Pro Asp Trp Leu Ser Tyr val Arg Thr Gin 

^80 285 

Thr Gin Lys Pro Leu Phe Ala Val Gly Glu Phe Trp ser Tyr Asp He 

300 

Asn Lys Leu His A sn Tyr He Thr Lys Thr Asn Gly ser Met ser Leu 

315 320 

Phe Asp Ala Pro Leu His Asn Asn Phe gr He Ala ser Lys ser Gly 

335 

Gly Tyr Phe Asg Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Asp 

Gin Pro Thr Leu Ser val Thr Leu val Asp Asn His Asp Thr Glu Pro 
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365 



*ly |ln Ser Leu Gln ser Trp Val Glu Pro Trp Phe Lys Pro Leu Ala 

Jg Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Ile phe 

395 400 
Gly Asp Tyr Tyr Gly He Pr0 Lys ^ n> ^ Ma ^ ^ ^ 

Lys Leu asp Pro l.u L eu He aU a™ A r 9 Asp Tyr Ala Tyr Gly Thr 

H " 430 

«■ "is Asp xyr He asp Asn Ala Asp He He Gly rrp Thr Ar 9 Glu 

Sly M Ale Glu Lys Ale jsn ser Gly Leu Ale Ala Leu He Thr Asp 

Si Pr. Gly Gly Ser Lys Trp Met Tyr vel Gly Lys Gln His Ale Gly 

Lys Thr Phe Tyr asj Leu Thr Gly ash Are ser Asp Thr vel Thr He 

490 495 
Asn Ala Asp Gig Trp Gly G lu Phe Lys val Asn Gly Gly ser val ser 

He Trp val Pro Lys Thr ser Thr Thr ser Gin He Thr Phe Thr Val 

Asn Asn Ala Thr Thr val Trp Gly Gin Asn val Tyr val val Gly Asn 



lie ser Gin Leu Gly Asn 



550 



<210> 9 

<211> 482 

<212> prt 

<213> Unknown 

<220> 

<22'3> unknown source 

<400> 9 



Ala Pro yal Asn f1 y Thr Met Met Gl n Tyr Phe Glu Trp Asp Leu Pro 

10 1S 

Asn asp Gly Thr Leu Trp Thr Lys yal Lys as„ Glu Ala Thr Asn Leu 
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ser ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 

Thr ser Gin ser Asp Val Gly Tyr Gly val Tyr Asp Leu Tyr Asp Leu 



60 



Gly Glu Phe Asn Gin L^s Gly Thr He Arg Thr Lys Tyr Gly Thr Lys 

75 80 

Ala Gin Tyr He Gin Ala He Gin Ala Ala Lys Ala Ala Gly Met Gin 

90 95 

Val Tyr Ala Asg val Val Phe Asn His Lys Ala Gly Ala Asp Gly Thr 

Glu Phe val Asp Ala Val Glu val Asn Pro Ser Asn Arg Asn Gin Glu 

Thr ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro 

Gly Arg Gly Asn Thr Tyr Ser ser Phe Lys Trp Arg Trp Tyr His Phe 

lss 160 

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg He Tyr Lys 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn 

190 

Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 

205 

Glu val val Thr Glu Leu Lys Asn Trp Gly Lys jrg Tyr val Asn Thr 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Tyr 

235 240 

ser Phe Phe Pro Asg Trp Leu Thr Tyr val Arg Asn Gin Thr Gly Lys 
Asn Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp Val Asn Lys Leu 
His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu Phe Asp Ala 
Pro Leu His Asn Asn Phe Tyr He Ala ser Lys Ser Ser Gly Tyr Phe 

3vv 

Page 13 



10473-000 DK. ST25.txt 

Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin Pro ser 

3X5 



320 



Leu Ala val Thr Leu val Asp Asn His Asp Thr Gin Pro Gly Gin Ser 
d * 5 330 335 

Leu Gin ser Trg val Glu Ala Trp Phe Lys Pro Leu Ala Tyr Ala Phe 

He Leu Thr Arg Gin clu Gly Tyr Pro cys val Phe Tgr Gly Asp Tyr 

Tyr Gig He Pro Lys Tyr Asn He Pro Gly Leu Lys Ser Lys He Asp 

380 

SI Leu Leu I1e Ala Arg Asp T y p A1a Gl v ^r cm Arg Asg 

Tyr He Asp His Gin Asp He He Gly Trp Thr Arg Glu Gly He Asp 
W) 410 415 

Ala Lys Pro Asn Ser Gly Leu Ala Ala Leu lie Thr Asp Gly Pro Gly 

42S 436 

Gly ser Lys Trp Met Tyr Val Gig Lys Lys His Ala Gly Lys Val Phe 

Tyr Asg Leu Thr Gly Asn Arg ser Asp Thr val Thr He Asn Ala Asp 

Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val ser lie Trp val 

475 480 

Ala Lys 

<210> 10 

<211> 482 

<212> PRT 

<213> Unknown 

<220> 

<223> Source unknown 
<40O> 10 

Ala Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Asp Leu Pro 

10 15 

Asn Asp Gly Thr Leu Trp Thr Lys Val Lys Asn Glu Ala Thr Asn Leu 
m 25 30 

ser Ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 
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35 40 45 

Thr ser Gin Ser Asp val Gly Tyr Gly val Tyr Asp Leu Tyr Asp Leu 

j j 60 

Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tyr Gly Thr Lys 
° 3 70 75 80 

Thr Gin Tyr lie Gin Ala He Gin Thr Ala Gin Ala Ala Gly Met Gin 
85 90 95 

val Tyr Ala Asp Val val phe Asn His Lys Ala Gly Ala Asp ser Thr 
10 0 105 no 

Glu Phe val Asp Ala Val Glu val Asn Pro ser Asn Arg Asn Gin Glu 
H5 120 125 

Thr ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro 
130 135 140 



Gly Arg Gly Asn Thr Tyr ser ser Phe Lys Trp Arg Trp Tyr His Phe 

150 155 160 

Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg lie Tyr Lys 
165 170 175 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu Asn 
ISO 185 190 

Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 
J - 5 " 200 205 

Glu val val Thr Glu Leu Lys Asn Trp Gly Thr Trg Tyr val Asn Thr 

Thr Asn He Asp Gly phe Arg Leu Asp Ala val Lys His lie Lys Tyr 
" s 230 235 240 

Ser Phe Phe pro Asp Trp Leu Thr Tyr val Arg Asn Gin Thr Gly Lys 
245 250 255 

Asn Leu phe Ala val Gly Glu Phe Trp ser Tyr Asp val Asn Lys Leu 
260 265 270 

His Asn Tyr He Thr Lys Thr Asn Gly ser Met ser Leu phe Asp Ala 
275 280 285 

Pro Leu His Asn Asn Phe Tyr Thr Ala Ser Lys Ser Ser Gly Tyr Phe 
290 295 300 

Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin Pro ser 
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315 320 

Leu Ala val T(lr , |u va , Asp As „ h1s 

330 335 
Leu Gin ser Trg val « d Pro Trp g. ^ ^ ^ ^ ^ ^ 

He Leu Thr Ar 9 Gin Glu Gly ^ Pro ^ ^ pbe ^ ^ ^ ^ 
Tyr Gly xle Pro Lys Tyr Asn Ile Pro Gly Leu Lys ser L y S 11e Asp 
IS Le " WU 11 e tgg *SP Tyr Ala Tyr Gly thr Gin Arg 
Tyr He Asp His Jin Asp He xl, Gly Trp Thr Ar g Glu Gly tie Asp 

410 415 

Al, Lys Pro Asn ser Gly Leu Ala Ala Leu H, Thr Asp Gly Pro Gly 

430 



Asp 
400 



Gly % Trp Met ™" ™ JJj ^ *, Ala Gly Lys val Phe 

& LM T " r 61 " «" Arg ser Asp Thr val Thr He Asn Ala Asp 

Trp Gly Glu Ph. Lys val Asn Gly Gly ser val ser He Trp val 

475 480 

Ala Lys 

<210> 11 

<211> 482 

<212> prt 

<213> Unknown 

<220> 

<223> source unknown 
<400> 11 

Ala Pro val Asn Gly Thr Met Met G!n Tyr Phe Glu Trp Asp Leu Pro 



Asn Asp Gly Thr Leu Trp Thr Lys val Lys Asn Glu Ala ser ser Leu 



ser ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 
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Thr ser Gin Gly Asp Val ? j y Typ &y ^ Typ ^ ^ ^ ^ ^ 



Lys 
80 



gy Glu Phe ash Gin Lys Gly Thr He Arg Thr Lys Tyr Gly Thr 
Thr Gin Tyr Leu Gin Ala He Gin Ala Ala Lys Ser Ala Gly Met Gin 
val Tyr *la Asg val val Phe ash hj, L ys Ala 61y A)a ^ ser Thr 
Slu Trp val Asp Ala val Glu val Asn Pro Ser As„ jro As- Gin Glu 

Thr ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe Asp Phe Pro 

140 



Gly Ar 9 Gly ash Thr Tyr ser ser Phe Lys Tro Ar 9 T rp Tyr His Phe 

ASP Gly Thr Asp Tr f Asp Glu ser Arg Lys Leu Asn A rg He Tyr Lys 

170 17S 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu 

xm ion 



Asn 

190 



Gly Asn Tyr Asp ryr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 

* uu 205 

Glu val val Thr g!u Leu Lys Asn Trp Gly Thr Trp Tyr val Asn Thr 

" 3 220 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala Val Lys His lie Lys Tyr 

235 240 

ser Phe Phe Pro Asp Trp Leu Thr His Val Arg ser Gin Thr Arc Lys 
Asn Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp Val Asn Lys 



270 LeU 



His Asn He Thr Lys Thr ser Gly Thr Met ser Leu Phe Asp Ala 



285 

Pro Leu His Asn Asn Phe Tyr Thr Ala ser Lys ser ser Gly 

300 

Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin Pro ser 
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U« Al, val Thr Leu val Asp Asn His asp Thr G l„ Pro ol y Gln ser 

330 335 

L«u cm ser Tjg val G , u Pro Trp Phe Lys Pro Le(J Ala ffi A1> ^ 

He Leu Thr Arc «,» Glu Gly ^ Pr0 Cys phe ^ ^ ^ 

365 

Tyr |ly Ile Pro L V s Tyr As„ He Pro G l y l.u y_ Ser Lys Ile ^ 

380 

5g lm Leu He Ala Arg Arg Asp Tyr „a Tyr G1 y T hr G l„ A r 8 

Tyr He Asp his G l § Asp Ile Ile G ly jrg Thr Ar 9 G l„ Gly Ile «„ 

410 415 
Ser Lys Pro Asn Ser G ly Leu A!a Ala Leu lie Thr Asp G ly Pr . G1y 



ASD 
400 



415 

430 

Gly ser Lys Trp Met Tyr val Gly Lys Lys His Ala ]y Lys ^ phe 



440 445 
Tyr Asp Leu Thr G ly Asn Arg Ser Asp Thr Val Thr He Asn Ala Asp 

46? TPP Gly Glu Phe ^1 Asn Gly Gly ser val ser il 
Ala Lys 



™. „, y toiy ^r vai ser lie Trp val 
475 480 



<210> 12 

<211> 482 

<212> PRT 

<213> unknown 

<220> 

<223> source unknown 
<400> 12 

Ala Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu 
° 10 



Trp Asp Leu pro 
15 



Asn Asp G l y thr Leu Trp Thr Ly s val Lys Asn G lu Ala ser ser Leu 

ser ser Leu G l y Ile Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys G ly 

w 45 

Thr ser G1n G ,y As p val G l y Tyr G l y val Tyr Asp Leu Tyr Asp Leu 
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55 60 



gy Glu Phe Asn Gin Lys Gly Thr n. Ar 9 Thr uys Tyr Gly Thr Lys 

75 80 

Thr Gl„ Tyr Leu Gin Ala He Gin Ale Ala Lys ser Ala Gly Met Gin 

val Tyr Al, Asp val val Phe Asn His Lys Ala Gly Ala Asp ser Thr 

Glu Trp val asp Ala val Glu val Asn Pro ser Asn Arp Asn Gin Glu 

125 



Thr ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro 

A " 140 

Asp Arg Gly Asn Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His Phe 

155 160 

Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg He Tyr Lys 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu 

0.OD ion 



190 AS ° 

Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 

Glu val val Thr Glu Leu Lys Asn Trp Gly Thr Trp Tyr val Asn Thr 

* x:> 220 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala val Lys His He Lys Tyr 

235 240 

ser Phe Phe Pro Asp Trp Leu. Thr Tyr val Arg ser Gin Thr Gin Lys 

250 255 

Asn Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp val Asn Lys Leu 

* o:> 270 

His Asn Tyr He Thr Lys Thr ser Gly Thr Met ser Leu Phe Asp Ala 
Pro Leu His Asn Asn Phe Tyr Thr Ala ser Lys ser ser Gly Tyr Phe 

30? M " Ar9 Tyr Leu 3 L S As » Asn Thr Leu Met Lys Asp Gin Pro ser 

315 320 

Leu Ala val Thr Leu val Asp Asn His Asp Thr Gin Pro Gly Gin ser 
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325 330 335 

Leu Gin Ser Trg Val Glu Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe 
He Leu Thr Arg Gin Glu Gly Tgr Pro cys val Phe T^r Gly Asp Tyr 
Tyr Gig He Pro Lys Tyr Asn He Pro Gly Leu Lys ser Lys He Asp 

385 L6U L6U 116 Ala Sffl Ar 9 AS P V Al * m Gly Thr Gin Arg Asp 

" u 395 400 

Tyr He Asp His Gin Asp He n e Gly Trp Thr Arg Glu Gly He Asp 

410 41 



415 

ser Lys Pro Asn ser Gly Leu Ala Ala Leu He Thr Asp Gly Pro Gly 
u 425 43q * 

Gly Ser Lys Trp Met Tyr val Gig Lys Lys His Ala Gly Lys Val Phe 

445 

Tyr asp Leu Thr Gly Asn Arg ser Asp Thr Val Thr He Asn Ala Asp 

4 OU 

Gly Trp Gly Glu Phe Lys Val Asn Gly Gly ser Val Ser lie Trp val 

u 475 480 

Ala Lys 

<210> 13 
<211> 483 
<212> prt 

<213> Bacillus licheniformis 
<400> 13 

Ala Asn Leu Asn Gly Thr Leu Met Gin Tyr Phe Glu Trp Tyr Met Pro 
3 10 15 

Asn Asp Gly Gin His Trp Arg Arg Leu Gin Asn Asp ser Ala Tyr Leu 

25 30 

Ala Glu His Gly lie Thr Ala val Trp lie Pro Pro Ala Tyr Lys Gly 

40 45 

Thr ser Gin Ala Asp val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp 



55 ' 60* 



Leu 



Gly Glu Phe His Gin Lys Gly Thr val Arg Thr Lys Tyr Gly Thr Lys 

/U 75 80 
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Gly Glu Leu Gin ser Ala He Lys Ser Leu His ser Arg Asp He Asn 
03 90 ~ 95 

val Tyr Gly Asp val val He Asn His Lys Gly Gly Ala Asg Ala Thr 
Glu Asp val Thr Ala val Glu val Asp Pro Ala Asp Arg Asn Arg val 
He ser Gly Glu His Leu lie Lys Ala Trp Thr His Phe His Phe Pro 

A3 3 140 

Gly Arg Gly ser Thr Tyr ser Asp Phe Lys Trp His Trp Tyr His Phe 

155 160 

Asp Gly Thr Asp Trp Asp Glu ser Arg tys Leu Asn Arg He Tyr Lys 
AW 170 175 

Phe Gin Gly Lys Ala Trp Asp Trp Glu val ser Asn Glu Asn Gly Asn 

185 190 

Tyr Asp Tgr Leu Met Tyr Ala Asg He Asp Tyr Asp His Pro Asp val 

Ala Ala Glu He Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gin 

^x^ 220 

Leu Asp Gly Phe Arg Leu Asp Ala val Lys His He Lys Phe Ser Phe 

" u 235 240 

Leu Arg Asp Trp Val Asn His val Arg Glu Lys Thr Gly Lys Glu Met 

250 255 

Phe Thr val Ala Glu Tyr Trp Gin Asn Asp Leu Gly Ala Leu Glu Asn 
£W 265 270 

Tyr Leu Asn Lys Thr Asn Phe Asn His Ser val Phe Asp val Pro Leu 

"* 285 

His jvr Gin Phe His Ala Ala ser Thr Gin Gly Gig Gly Tyr Asp Met 
3oi LyS L6U L6U Asn fig Thr va1 va l ser tys His Pro Leu Lys ser 

val Thr Phe val Asp Asn His Asp Thr Gin Pro Gly Gin ser Leu Glu 

330 335 

ser Thr Val Gin Thr Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu 

345 350 
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Thr Arg Glu ser Gly Tyr Pro Gin Val Phe Tyr Gly Asp Met Tyr Gly 

Thr Lys Gly Asp ser Gin Arg Glu lie Pro Ala Leu Lys His Lys lie 

a/? 380 



flu Pro II. Le „ Lys ? u Arg Lys Gin Tyr Ala Tyr Gly Ala Gin His 

395 400 
asp Tyr Phe Asp His His Asp He v,l Gly Trp Thr Arg Glu ^ Asp 

ser ser val Al, ash ser GTy Leo Ala Ala Le „ 11e Thr Asp Gly Pro 

430 

«1y Gly Ala Lys Ar 9 „et Tyr yal Gly Ar 9 Gin Asn Ala Gly Glu Thr 



445 

Trp His Asp lie Thr Gly A?§ Are ser G1 „ pro wl iu ^ 

460 

Jlu Gly Trp Gly Glu Phe His Val Asn Gly Gly ser Val ser He Tyr 

475 4§0 

val Gin Arg 

<210> 14 
<211> 483 
<212> PRT 

<213> Bacillus amyloliquefacier.ee 
<400> 14 

val ash Gly Thr Leu Met Gin Tyr Phe Glu Trp Tyr Thr Pro Asn Asp 

10 ls 

Gly Gin His Trp Lys Arg Leu Gin Asn Asp Ala Glu His Leu ser Asp 

o 30 

He Gly lie Thr A la val T rp ii. Pr0 Pr0 Ala ^ ^ 61y Leu Ser 

Glri |er Asp Asn Gly Tyr Gly Pro Tyr Asp Leu Tyr Asp Leu Gly «1„ 

" 60 

Phe Gin Gin Lys Gly Thr val Arg Thr Lys Tyr Gly Thr Lys ser Glu 

75 80 

Leu Gin Asp Ala lie Gly ser Leu His ser Arg Asn Val Gin Val Tyr 
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Gly Asp val val Leu Asn His Lys Ala Gly Ala Asp Ala Thr Glu Asp 
AW 105 iio 

val Thr Ala val Glu val Asn Pro Ala Asn Arg A sn Gin Glu Thr ser 
A " 120 125 

Glu Glu Tyr Gin He Lys Ala Trp Thr Asp Phe Arg Phe Pro Gly Arg 

Gly Asn Thr Tyr ser Asp Phe Lys Trp His Trp Tyr His Phe Asp Gly 

A3U 155 160 

Ala Asp Trp Asp Glu ser Arg Lys lie Ser Arg He Phe Lys Ph| Arg 

Gly Glu Gly Lys Ala Trp Asp Trp Glu val Ser ser Glu Asn Gly Asn 
■ LOU 185 190 

Tyr Asp Tyr Leu Met Tyr Ala Asp val Asp Tyr Asp His Pro Asp val 

^00 205 

val Ala Glu Thr Lys Lys Trp Gly He Trp Tyr Ala Asn Glu Leu ser 

215 220 

Leu Asp Gly Phe Arg lie Asp Ala Ala Lys His lie Lys Phe Ser Phe 

" u 235 240 

Leu Arg Asp Trp val Gin Ala Val Arg Gin Ala Thr Gly Lys Glu Met 

250 255 

Phe Thr val Ala Glu Tyr Trp Gin Asn Asn Ala Gly Lys Leu Glu Asn 
<JOU 265 270 

Tyr Leu Asn Lys Thr ser Phe A|n Gin ser Val Phe Agp Val Pro Leu 

His Phe Asn Leu Gin Ala Ala ser ser Gin Gly Gig Gly Tyr Asp Met 

Arg Arg Leu Leu Asp Gig Thr val val ser Arg His Pro Glu Lys Ala 

val Thr Phe val Glu Asn His Asp Thr Gin Pro Gly Gin Ser Leu Glu 
" 5 330 335 

ser Thr val Gin Thr Trp Phe Lys Pro Leu Ala Tyr Ala Phe lie Leu 

345 350 

Thr Arg Glu ser Gly Tyr Pro Gin Val Phe Tyr Gly Asd Met Tyr Gly 
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Thr Lys Gly Thr ser Pro Lys Glu He Pro ser Leu Lys Asp Asn il, 

385 Pr ° 116 L6U LyS A Jg Ar 9 L ^ Glu T yr Ala Tyr Gly Pro Gin His 



400 



Asp Tyr lie Asp His Pro Asp val He Gig Trp Thr Arg Glu Gly Asp 



Ser ser Ala Ala Lys ser Gly Leu Ala Ala Leu He Thr Asp Gly 



430 



Pro 



Gly Gly ser Lys Arg Met Tyr Ala Gly Leu Lys Asn Ala Gly Glu Thr 



440 445 



Trp jyr Asp He Thr Gly Asn Arg ser Asp Thr val Lys He Gly ser 



Asp Gly Trp Gly Glu Phe His val Asn Asp Gly Ser val Ser He Tyr 

475 480 

val Gin Lys 



r Leu 



<210> 15 
<211> 483 
<212> PRT 

<213> Bacillus stearothermophilus 
<400> 15 

Ala Ala Pro Phe Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Ty, 
5 10 K if 

Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Glu Ala Asn Asn 

" 30 

Leu ser Ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys 

Gly Thr ser Arg ser Asp val Gly Tyr Gly val Tyr Asp Leu Tyr Asp 

Ley Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr Gly Thr 

75 80 

Lys Ala Gin Tyr Leu Gin Ala He Gin Ala Ala His Ala Ala Gly Met 

90 95 

Gin val Tyr Ala Asp val val Phe Asp His Lys Gly Gly Ala Asp Gly 

xu:> HO 
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115 p a val gj} va1 Asn Pro ser Asp Arg Asn Gin 

Glu lie ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe Asp Phe 

A " 140 

Pro Gly Arg Gly Asn Thr Tyr ser Ser Phe Lys Trp Arg Trp Tyr His 

155 160 

Phe Asp Gly val asd Trp Asp Glu ser Arg Lys Leu Ser Arg lie Tyr 

Lys Phe Arg Gly He Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu 

Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His 

Pro Glu val val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr val Asn 

Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys 

U 235 240 

Phe Ser Phe Phe Pro Asp Trp Leu ser Tyr Val Arg Ser Gin Thr Gly 

Lys Pro Leu Phe Thr Val Gly Glu jg Trp Ser Tyr Asp lie Asn Lys 

Leu His Asn Tyr He Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp 

Ala Pro Leu His Asn Lys Phe Tyr Thr Ala ser Lgs ser Gly Gly Ala 

Phe Asp Met Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gin Pro 

315 320 



Thr Leu Ala val Thr Phe val Asp Asn His Asp Thr Glu Pro Gly Gin 
J " 330 335 

Ala Leu Gin Ser Trp val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala 

350 

Phe He Leu Thr Arg 61 „ 61u olg Tyr Pro cy S va! Phe Tyr oly «„ 
Tyr Tyr Gly n e Pro Gin Tyr Asn lie Pro Ser Leu Lys ser Lys He 
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Asp Pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin His 

5yu 395 400 

Asp Tyr Leu Asp His Ser Asp He He Gly Trp Thr Arg Glu Gly val 
WJ 410 415 

Thr Glu Lys Pro Gly ser Gly Leu Ala Ala Leu lie Thr Asp Gly Pro 

425 430 

Gly Gly ser Lys Trp Met Tyr val Gly Lys Gin His Ala Gly Lys Val 

Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr lie Asn Ser 

^->-> 460 

455 Gly Trp Glu Lys val Asn Gly Gly ser val ser val Trp 

* /u 475 480 

Val Pro Arg 



<210> 16 

<211> 485 

<212> PRT 

<213> unknown 

<220> 

<223> source unknown 
<400> 16 

His His Asn Gly Thr Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 
* 5 10 is * 

Leu Pro Asn Asp Gly Asn His Trp Asn Arg Leu Arg ser Asp Ala ser 

25 30 

Asn Leu Lys Asp Lys Gly n e ser Ala val Trp lie Pro Pro Ala Trp 
35 40 45 H 

Lys Gly Ala ser Gin Asn Asp val Gly Tyr Gly Ala Tyr Asp Leu Tyr 
v 55 60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr lie Arg Thr Lys Tyr Gly 

' u 75 80 

Thr Arg Asn Gin Leu Gin Ala Ala val Asn Ala Leu Lys ser Asn Gly 
o5 90 95 * 

lie Gin val jgr Gly Asp val val Met Asn His Lys Gly Gly Ala Asp 



110 



Ala Thr Glu Met val Arg Ala val Glu Val Asn Pro Asn Asn Arg Asn 



125 
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Gin Glu val ser Gly Glu Tyr Thr n e Glu Ala Jrg Thr Lys Phe Asp 

Phe Pro Gly Arg Gly ash Thr His Ser Asn Phe Lys Trp Arg Trp Tyr 

155 160 

His Phe Asp Gly val Asp Trp Asp Gin ser Arg Lys Leu Asn Asn Arg 

He Tyr Lys Phe Arg Gly Asp Gly Lys Gly Trp Asp Trp Glu val 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp He Asp Met 

Asp His Pro Glu val val Asn Glu Leu Arg Asn Trp Gly val Trp Tyr 

Jhr Asn Thr Leu Gly Leu Asp Gly Phe Arg f J f Asp Ala Val Lys His 

235 240 

He Lys Tyr ser Phe Thr Arg Asp Trp lie Asn His val Arg ser Ala 

255 

Thr Gly Lys Asn Met Phe Ala val Ala Glu Phe Trp Lys Asn Asp Leu 

«:> 270 

Gly Ala lie Glu Asn Tyr Leu Asn Lys Thr Asn Trp Asn His Ser val 

285 

Phe Asg val Pro Leu His Tyr Asn Leu Tyr Asn Ala ser Lys Ser Gly 

300 

Gly Asn Tyr Asp Met Arg Gin n e Phe Asn Gly Thr Val val Gin Arg 

315 320 

His Pro Met His Ala val Thr Phe val Asg Asn His Asp Ser Gin Pro 

Glu Glu Ala Leu Glu ser Phe Val Glu Glu Trp Phe Lys Pro Leu Ala 

350 

Tyr Ala Leu Thr Leu Thr Arg Glu Gin Gly Tyr Pro ser val Phe Tyr 

365 

Gly Asg Tyr Tyr Gly Ile go Thr His Gly val Pro Ala Met Lys ser 

Lys lie Asp Pro He Leu Glu Ala Arg Gin Lys Tyr Ala Tyr Gly Arg 

395 400 
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Gin Asn Asp Tyr Leu Asp His His Asn lie He Gly Trp Thr Arg Glu 



410 41 
Gly Asn Thr Ala His Pro Asn Ser Gly Leu Ala Thr He Met ser Asp 

Gly Ala Gly Gly Asn Lys Trp Met Phe Val Gly Arg Asn Lys Ala Gly 

445 

Gin val Trp Thr Asp He Thr Gly Asn Arg Ala Gly Thr val Thr lie 

Asn Ala Asp Gly Trp Glv Asn Phe Ser val Asn Gly Gly ser val Ser 

475 480 

lie Trp val Asn Lys 
485 

<210> 17 
<211> 484 
<212> prt 
<213> Unknown 

<220> 

<223> source unknown 
<400> 17 

Gly ser val Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 

io ijj 

Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala Gin 
£V 25 30 

Ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 

Lys Gly Thr ser ser ser A| P val Gly Tyr Gly val Tyr Asp Leu Tyr 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly 

75 80 

Thr Lys Thr Gin gr He Gin Ala He Gin Ala Ala His Thr Ala Gly 



95 



Met Gin val Tyr Ala Asp val Val Phe Asn His Lys Ala gTj Ala Asp 
Gly Thr Glu Leu Val Asp Ala val Glu Val Asn Pro ser Asp Arg Asn 
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a, e ser G»y Thr Tyr Gin n e Gin Ala Trp Thr Lys Phe 

X33 140 



Asp 



Phe Pro Gly Arg Gly Asn Thr Tyr ser Ser Phe 



155 



Lys Trp Arg Trp Tyr 
160 

His Phe Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg He 
Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr 



185 190 
Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 

His Pro Glu val val ser Glu Leu Lys Asn Trp g1 ? Lys Trp Tyr val 

Jhr Thr Thr Asn He Asg Gly Phe Arg Leu Asp Ala val Lys His lie 

Lys Tyr ser Phe Phe Pro Asp Trp Leu Ser Tyr val Arg Thr Gin Thr 

250 255 

Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asg He Asn 
Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu Phe 



285 



Asp Ala Pro Leu His Asn Asn Phe Tyr He Ala ser Lys Ser Gly Gly 
Tjr Phe Asp wet Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin 



310 315 320 

Pro Thr Leu Ser val Thr Leu val Asp Asn His Asp Thr Glu Pro Gly 

Gin ser Leu Gin ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala Tyr 
Ala Phe lie Leu Thr Arg Gin Glu Gly Tyr Pro Cys lie Phe 



365 



Tyr Gly 



Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys Ser Lys 
385 ASP Pr ° LCU Leu J 9 J Al * Arg Arg Asp Tyr Ala Tyr Gly Thr Gin 



395 



400 
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His Asp Tyr «. A?p «n Ala 4^-% S/Si-S Ar9 6 lu Gly 

415 

val Ala Glu Lys Ala ash ser Gly Leu Ala Ala Leu lie Thr Asp Gly 

H " 430 

Pro Gly Gly ser Lys Trp Met Tyr val G!y Lys Gln Hls Ala oly 

u 445 

Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp rhr val Thr He Asn 

460 

}1| Asp Gly rrp Gly Glu Phe Lys val Asn Gly Gly ser val ser He 

475 480 

Trp val pro Lys 



<210> 18 

<2ll> 485 

<212> prt 

<213> Unknown 

<220> 

<223> source unknown 



<400> 18 

} 1» Asn Thr a!, Pro He Asn Glu Thr Met Met Gin Tyr Phe Glu Trp 

10 15 

Asp Leu Pro Asn Asp Gly Thr Leu Trp Thr Lys Val Lys Asn Glu Ala 



2S 30 



Ala ash Leu ser ser Leu Gly lie Thr Ala Leu Trp Leu Pro Pro Ala 

45 

Tyr Lys Gly Thr ser Gin ser Asp val Gly Tyr Gly Val Tyr Asp Leu 

Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tyr 

Sly Thr Lys Thr Gin Tyr He Gin Ala lie Gin Ala Al, Lys Al, Ala 

90 95 

Gly Met Gin val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala 

XU3 110 

asp Gly Thr Glu Phe val Asp Ala val Glu val Asp Pro ser Asn Arg 



110 

120 val Glu val as p jg 

Asn Gin Glu Thr ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe 



"5 140 
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Asp Phe Pro Gly Arg Gly Asn Thr Tyr ser ser Phe Lys Trp Arg Trp 

150 155 160 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg 
lo5 170 175 

lie Tyr Lys Phe Arg ser Thr Gly Lys Ala Trp Asp Trp Glu val Asp 
180 185 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met 
a« 200 205 

Asp His pro Glu val val Thr Glu Leu Lys Asn Trg Gly Thr Trp Tyr 

Val Asn Thr Thr Asn lie Asp Gly phe Arg Leu Asp Ala val Lys His 

230 235 240 

He Lys Tyr ser phe Phe Pro Asp Trp Leu Thr Tyr val Arg Asn Gin 
245 250 255 

Thr Gly Lys Asn Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp val 
260 265 270 

Asn Lys Leu His Asn Tyr lie Thr Lys Thr Asn Gly Ser Met Ser Leu 
4/> 280 285 

Phe Asp Ala Pro Leu His Asn ash Phe Tyr Thr Ala ser Lys ser Ser 
* w 295 300 

Gly Tyr phe Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp 
3U3 310 315 325 

Gin Pro ser Leu Ala val Thr Leu val Asp Asn His Asp Thr Gin Pro 
325 330 335 

Gly Gin ser Leu Gin Ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 
sw 345 350 

Tyr Ala Phe lie Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr 

360 365 

Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn lie Pro Gly Leu Lys Ser 
J ' u 375 380 

Lys He Asp Pro Leu Leu lie Ala Arg Arg Asp iyr Ala Tyr Gly Thr 

390 395 400 

Gin Arg Asp Tyr lie Asp His Gin Asp He lie Gly Trp Thr Arg Glu 
405 410 415 

Page 31 



10473-000 DK. ST2S.txt 
Gly He Asp Thr Lys Pro Asn ser Gly Leu Ala Ala Leu lie Thr Asp 

Gly Pro Gly Gly ser Lys Trp jet Tyr val Gly Lys Lys His Ala Gly 

445 

Lys val Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He 

460 

Asn Ala Asp Gly Trp Glv Glu Phe Lys Val Asn Gly Gly Ser val ser 

H/v 475 480 

lie Trp val Ala Lys 
485 

<210> 19 
<211> 619 
<212> prt 

<213> Bacillus flavothermus 
<400> 19 

Met ser Leu Phe Lys Lys ser Phe Pro Trp He Leu ser Leu Leu Leu 
5 10 15 

Leu Phe ser Phe lie Ala Pro Phe ser He Gin Thr Glu Lgs val Arg 

Ala Gly ser val Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp 
" 40 45 

Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys Val Ala Asn Asn Ala 
^ V j 5 60 

Gin ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala 

/0 75 80 

Tyr Lys Gly Thr ser ser ser Asp Val Gly Tyr Gly val Tyr Asp Leu 
85 90 95 

Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr 
auu 105 110 

Gly Thr Lys Thr Gin Tyr lie Gin Ala He Gin Ala Ala His Thr Ala 

120 125 

Gly Met Gin val Tyr Ala Asp Val Val Phe Asn His Lys Ala Gly Ala 
" u 135 140 

Asp Gly Thr Glu Leu val Asp Ala Val Glu val Asn Pro ser Asp Arg 

150 155 160 
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Asn Gin Glu lie Ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe 
165 170 175 

Asp Phe Pro Gljj Arg Gly Asn Thr Tgr ser ser Phe Lys Trg Arg Trp 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg 
195 200 20S 

lie Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp 

215 220 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met 
225 230 235 240 

Asp His Pro Glu val val Ser Glu Leu Lys Asn Trp Gly Lys Trp Tyr 
245 250 255 

val Thr Thr Thr Asn He Asp Gly phe Arg Leu Asp Ala val Lys His 
260 265 270 

lie Lys Tyr Ser Phe Phe Pro Asp Trp Leu Ser Tyr val Arg Thr Gin 
275 280 285 

Tnr SiU Lys Pro Leu Phe A1a Val Gly Glu Phe Trp ser Tyr asp lie 
290 295 300 

ser Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu 
305 310 315 320 

Phe Asp Ala Pro Leu His Asn Asn Phe Tyr lie Ala Ser Lys Ser Gly 
325 330 335 

Gly Tyr Phe Asp Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Asp 
340 345 350 

Gin Pro Thr Leu Ala Val Thr Leu val Asp Asn His Asp Thr Glu Pro 
355 360 365 

Gly Gin ser Leu Gin ser Trp val Glu pro Trp Phe Lys Pro Leu Ala 
370 375 380 

iryr Ala Phe lie Leu Thr Arg Gin Glu Gly T^r Pro Cys Val Phe Tyr 

Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys ser 
405 410 415 

Lys Leu Asp pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr 
420 425 430 
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Gin His Asp Tyr He Asp Ser Ala Asp He He Gly Trp Thr Arg Glu 
435 440 445 



Gly val Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu lie Thr Asp 
450 455 4 60 K 

Gly Pro Gly Gly Ser Lys Trp Met Tyr val Gly Lys Gin His Ala Gly 

470 475 48 5 

Lys Thr Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp Thr val Thr He 
485 495 495 

Asn Ala Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val Ser 
500 505 510 

lie Trp val Pro Lys He Ser Thr Thr ser Gin lie Thr Phe Thr Val 
515 520 525 

Asn Asn Ala Thr Thr val Trp Gly Gin Asn val Tyr val val Gly Asn 

535 540 

lie ser Gin Leu Gly Asn Trp Asp Pro val His Ala val Gin Met Thr 
M9 550 555 5$0 

Pro ser ser Tyr pro Thr Trp Thr val Thr lie Pro Leu Leu Gin Gly 
565 570 575 

Gin Asn lie Gin Phe Lys Phe lie Lys Lys Asp ser Ala Gly Asn val 
580 585 590 

lie Trp Glu Asp He ser Asn Arg Thr Tyr Thr val pro Thr Ala Ala 
595 600 605 

ser Gly Ala Tyr Thr Ala ser Trp Asn val pro 
610 61S 

<210> 20 

<211> 613 

<212> PRT 

<213> Bacillus 

<400> 20 

Met ser Tyr Leu Lys Lys val Trp Leu Tyr Tyr Thr lie lie Ala Thr 
1-5 10 15 

Leu He He ser Phe Phe Thr pro Phe ser Thr Ala Gin Ala Asn Thr 
20 25 30 

Ala Pro val Asn Gly Thr Met Met Gin Tyr phe Glu Trp Asp Leu Pro 
35 40 45 
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Asn Asp Gly Thr Leu Trp Thr Lys val Lys Asn Glu Ala Ser Ser Leu 
50 55 60 

Ser Ala Leu Gly lie Thr Ala Leu Trp Leu pro Pro Ala Tyr Lys Gly 
6 5 70 75 80 

Thr Ser Gin Ala Asp Val Gly Tyr Gly val Tyr Asp Leu Tyr Asp Leu 
85 90 95 

Gly Glu Phe Asn Gin Lys Gly Thr lie Arg Thr Lys Tyr Gly Thr Lys 
100 105 110 

Thr Gin Tyr Leu Gin Ala lie Gin Ala Ala Lys ser Ala Gly Met Gin 
115 120 125 

Val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala Asp Ser Thr 
130 135 140 

Glu Trp Val Asp Ala val Glu val Asn Pro ser Asn Arg Asn Gin Glu 
145 150 155 160 

Thr ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro 
165 170 175 

Gly Arg Gly Asn Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His Phe 
180 185 190 



Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg lie Tyr Lys 
195 200 205 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn 
210 215 220 

Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His pro 
225 230 235 240 

Glu val val Ala Glu Leu Lys Asn Trp Gly Lys Trp Tyr val Asn Thr 
245 250 255 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala val Lys His lie Lys Tyr 
r 260 265 270 

Ser Phe Phe Pro Asp Trp Leu ser Tyr val Arg Asn Gin Thr Gly Lys 
275 280 285 

Asn L|u Phe Ala val Gly Glu Phe Trp Gly Tyr Asg Val Asn Lys Leu 

His Asn Tyr lie Thr Lys Thr Asn Gly Ala Met ser Leu phe Asp Ala 
3 °5 310 315 320 
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Pro Leu His Asn Asn Phe Tyr ile°Ali Lys^er' ser Gly Tyr phe 
325 330 335 

Asp Met Arg Tyr Leu Leu Asn Asn jhr Leu Met Lys Asp Gin Pro Ala 
340 345 350 

Leu Ala Val Thr Leu val Asp Asn His Asp Thr Gin Pro Gly Gin ser 
355 360 365 

Leu Gin ser Trp val Glu Pro Trp Phe Lys pro Leu Ala Tyr Ala Phe 
370 375 380 

lie Leu Thr Arg Gin Glu Gly Tyr pro cys val Phe Tyr Gly Asp Tyr 

390 395 * 400 



Tyr Gly He Pro Lys Tyr Asn He Pro Gly Leu Lys Ser Lys lie Asp 
405 410 415 

Pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin Arg Asp 
420 425 430 

Tyr He Asp His Gin Asp He He Gly Trp Thr Arg Glu Gly He Asp 
435 440 445 

Ala ^ Pro Asn Ser Gl y Leu Ala Ala Leu lie Thr Asp Gly Pro Gly 
450 455 460 

Gly Ser Lys Trp Met Tyr val Gly Lys Arg His Ala Gly Lys val Phe 
465 470 475 480 

Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr Val Thr He Asn Ala asp 
485 490 495 

Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser Val ser He Trp val 
500 505 510 

Ala Lys Thr Ser Asn Val Thr Phe Thr val Asn Asn Ala Thr Thr Val 
515 520 525 

Tyr „ flX Gln Asn Va1 Tyr Va1 Val Gl y Asn lie pro Glu Leu Gly Asn 
" 530 535 540 

Trp Asn lie Ala Asn Ala lie Gin Met Thr Pro Ser ser Tyr pro Thr 
545 550 555 560 

Trp Lys Thr Thr val ser Leu Pro Gin Gly Lys Ala He Glu Phe Lys 
565 570 575 

Phe He Lys Lys Asp Ser Ala Gly Asn Val lie Trp Glu Asn He Ala 
580 585 590 
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Asn Ar g Thr Tyr Thr val Pro PjffSSttS WSPyS Tyr Thr Ala 
sso 600 605 

Asn Trg Asn val pro 

<210> 21 
<211> 619 
<212> prt 

<213> Alkaliphilic bacillus 
<400> 21 

Met ser Leu Phe Lys Lys He Phe Pro Trp lie Leu ser Leu Leu Leu 

10 15 

Leu Phe ser Phe He Ala Pro Phe Ser He Gin Thr clu Lgs val Arg 

Ala Gly ser Val Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp 

Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 
v « 60 

Gin ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala 
03 70 75 80 

Tyr Lys Gly Thr Ser ser ser Asp val Gly Tyr Gly val Tyr Asp Leu 
85 90 95 

Tyr Asp Leu Gig Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr 

Gly Thr Lys Thr Gin Tyr lie Gin Ala He Gin Ala Ala His Thr Ala 
AJ " 3 120 125 

Gly Met Gin val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala 

A3 !> 140 

Asp Gly Thr Glu Leu Val Asp Ala Val Glu val Asn Pro Ser Asp Arg 
7 150 155 160 

Asn Gin Glu He Ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe 
lo5 170 175 

Asp Phe Pro Gig Arg Gly Asn Thr Tjjr ser ser Phe Lys Trg Arg Trp 

Tyr His Phe Asp Gly Thr Asp Trg Asp Glu ser Arg Lgs Leu Asn Arg 

He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp 
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210 215 220 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met 
225 230 235 240 

Asp His Pro Glu Val Val Ser Glu Leu Lys Asn Trp Gly Lys TrD Tvr 
245 250 255 

val lie Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala val Lys His 
260 26S 270 

He Lys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr Leu Arg Thr Gin 
275 280 285 

Thr Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trp Ser Tyr Asp lie 
230 295 300 

Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met ser Leu 
* U5 310 315 320 

Phe Asp Ala pro Leu His Asn Asn Phe Tyr lie Ala Ser Lys ser Gly 
325 330 335 

Gly Tyr Phe Asp Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Glu 
340 345 350 

Gin Pro Thr Leu ser val Thr Leu Val Asp Asn His Asp Thr Glu Pro 
355 360 365 

Gly Gin ser Leu Gin ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 
370 375 3g0 

Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tvr 
385 390 395 400 

Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys ser 
405 410 415 

Lys Leu Asp pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr 
420 425 430 

Gin His Asp Tyr He Asp Asn Ala Asp He lie Gly Trp Thr Arg Glu 
435 440 445 

Gly val Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu lie Thr Asp 
450 455 45Q 

Gly Pro Gly Gly ser Lys Trp Met Tyr Val Gly Lys Gin His Ala Gly 
* o:> 470 475 480 

Lys Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr lie 
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485 490 495 

Asn Ala Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val ser 
500 505 510 

He Trp val Pro Lys Thr ser Thr Thr ser Gin lie Thr Phe Thr val 
515 520 525 

Asn Asn Ala Thr Thr val Trp Gly Gin Asn val Tyr val val Gly Asn 
530 535 540 

lie ser Gin Leu Gly Asn Trp Asp Pro val Asn Ala val Gin Met Thr 
545 550 555 560 

Pro ser ser Tyr pro Thr Trp val val Thr val Pro Leu Pro Gin Ser 
565 570 575 

Gin Asn lie Gin Phe Lys Phe lie Lys Lys Asp Gly ser Gly Asn Val 
580 585 590 

He Trp Glu Asn He Ser Asn Arg Thr Tyr Thr val Pro Thr Ala Ala 
595 600 605 

Ser Gly Ala Tyr Thr Ala Asn Trp Asn val Pro 
610 615 



* 
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